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Introduction
Chordomas are rare, aggressive tumours that arise from notochordal remnants. They constitute about 1% of all intracranial tumours and the reported incidence rate is 1 per 1 000 000 per year. Chordomas are located in the skull base in approximately 1/3 of cases [14] . Classical chordomas are generally extradural and, although they are histopathologically benign, they typically destroy the clivus and surrounding bone structures. The intracranial, intradural but extranotochordal location of chordoma is extremely rare and there are currently less than thirty reported cases of intracranial, exclusively intradural chordomas without bone invasion [3, 7, 24] . The majority of these lesions were located in the prepontine space. Intradural extraosseous chordomas have occasionally been found within the brain, in hypothalamic and pineal regions [8, 10] . Intradural chordomas are believed to be less aggressive and have a better prognosis for patients. They are presumably a transitional form between a benign notochordal hamartomatous remnant (ecchordosis physaliphora) and a typical chordoma [6, 19] . We present a unique case of an intradural, extraosseous chordoma in an intracra- Case report C Cl li in ni ic ca al l p pr re es se en nt ta at ti io on n A previously healthy 39-year-old man was admitted to our Department of Neurosurgery because of a bilateral optic disc oedema without decreased visual acuity. It was discovered during a routine ophthalmological examination performed during a periodic exam commissioned by an occupational medicine physician. On admission, the patient was in good general health. The neurological examination revealed no abnormalities. A non-contrast computed tomography scan revealed a hypodense lesion in the right frontotemporal region, causing mass effect. The tumour size was 70 × 40 × 75 mm. The computed tomography with bone setting showed no structural changes except for a suspicion of insignificant hyperostosis at the tumour attachment site. Right external carotid angiography demonstrated a mass attached to the pterion and supplied by the middle meningeal artery. MRI scans identified that the tumour was hypointense on T1-weighted images and hyperintense on T2-weighted images and, following contrast medium administration, a relatively uniform enhancement was found (Fig. 1) . The tumour was thought to be a pterional meningioma and the patient underwent surgery. No macroscopic bone involvement was noted. After incision of the dura, an extra-arachnoid, highly vascularised soft tumour was found. The tumour boundaries were well defined and there was no difficulty in separating it from the arachnoid. The tumour was completely removed and the dural attachment was also excised. Duraplasty was performed using a synthetic dural substitute and the bone flap was replaced. The histopathological study of the tumour identified that it was a chordoma. The patient was discharged home with no neurological deficits. Currently, 10 months after surgery, the patient is able to carry on normal activity and work at his previous employment. The patient did not undergo radiotherapy. The follow-up MRI performed 6 months after surgery revealed no recurrence or residual tumour.
H Hi is st to op pa at th ho ol lo og gi ic ca al l s st tu ud dy y
The biopsied tumour tissue was fixed in 10% formalin, embedded in paraffin, and stained with hematoxylin-eosin (H&E). Immunohistochemical analyses were performed on paraffin-embedded specimens using the avidin-biotin complex method (ABC) with DAB as a chromogen, using antibodies against epithelial membrane antigen (EMA), cytokeratin cocktail AE1/AE3, S-100 protein, glial fibrillary acid protein (GFAP), vimentin, and Ki67 antigen, clone MIB-1 (all antibodies from Dako, Glostrup, Denmark).
Microscopically, the tumour displayed the typical histological pattern for classical chordoma with epithelial cells arranged in cords, clusters, or strands and embedded in an abundant, eosinophilic, mucoid matrix ( Fig. 2A, B) . Numerous multivacuolated cells with clear, foamy or bubbly cytoplasm, representing so-called physaliphorous cells, were present. The tumour showed apparent lobules separated by fibrous septa. The typical meningothelial aeries were not identified within the whole material studied. Immunohistochemically, the neoplastic cells showed an epithelial phenotype with reactivity for cytokeratin AE1/AE3 (Fig. 2C ) and expression of EMA (Fig. 2D) . In some areas the neoplastic cells were positive for S-100 protein.
The tumour cells were negative for GFAP. The MIB-1 labelling index was relatively low but its focal increase was noted. The histopathological diagnosis of chordoma was based on its typical morphology, the lack of classical meningothelial features and immunohistochemical findings.
Discussion
R Ra ad di io ol lo og gi ic ca al l f fe ea at tu ur re es s A chordoma usually has subtle hyperdense or isodense signal in non-contrast-enhanced CT. The present case was hypodense without any calcifications or bone destruction, which is not the typical radiological appearance of a chordoma [26] . The tumour was mildly hypointense and relatively homogenously hyperintense before and after the contrast injection in T1-weighted MRI images, respectively. This strongly suggested meningioma. The lesion was highly hyperintense only in T2-weighted images, which raised doubts. Strong hyperintensity on T2-weighted images is typical of chordomas [18] ; while, meningiomas are usually isointense or mildly hyperintense.
A "dural tail sign" is a typical feature of meningiomas on contrast-enhanced MR images; although, it has been not considered as pathognomonic for many years. Many other intracranial lesions are occasionally accompanied by a dural tail, including: schwanno-Intradural extraosseous chordoma mas, gliomas, metastases, lymphomas, myelomas, chloromas, pituitary tumours, and granulomatosis [11] . To our knowledge, the coexistence of dura enhancement around the chordoma has been described in only one case [16] . C Cl li in ni ic ca al l c co on ns si id de er ra at ti io on ns s
The age of our patient was typical of a chordoma, not of a meningioma. The mean age of patients with skull base chordomas in the series of al-Mefty and Borba was 38 years [2] . Chordomas, even if intradural, F Fi ig g. . 1 1. . A A, , B B) ) CT examination of the skull and brain without contrast revealed a hypodense tumour attached to the pterion with a suspicion of some endostosis (white arrow). The spongy bone is not invaded by the tumour. C C) ) External carotid artery angiography showed the typical vascular supply for a lateral sphenoid wing meningioma. D D--F F) ) Preoperative MRI of the brain. D D, , E E) ) The T1-weighted MR image showed a meningioma-like mass, with a 'dural tail sign' (white arrow). F F) ) Only the hyperintense signal of the lesion in the T2-weighted sequence suggested another entity. G G--I I) ) Follow-up MRI images obtained 6 months after surgery revealed no regrowth or residual tumour.
arise along the neuroaxis. Reports of other locations are extremely rare. Ectopic chordomas were found in the maxillary sinus and soft tissues of the neck [5, 22, 23] .
To our knowledge, an intradural, but extranotochordal, location of a chordoma has only been reported in exceptional cases. The first case of an intracerebral hypothalamic chordoma was reported by Commins et al. in 1994 [8] . The second case has been recently described by Figueiredo et al. [10] . It was a pineal chordoma with abdominal metastasis, due to previous ventriculoperitoneal shunt placement. The origin of such intraparenchymal tumours is not clear and it has been suggested that they arise from ecchordosis physaliphora (EP) or directly from notochord remnants that subsist within brain tissue [8, 10] . The cases described suggest ectopic notochordal remnants may be located in different areas, even away from the neuroaxis.
H Hi is st to op pa at th ho ol lo og gi ic ca al l c co on ns si id de er ra at ti io on ns s
The histopathological diagnosis of a chordoma is based on its typical morphology, including epithelial features, the presence of distinct physaliphorous cells, and immunopositivity for epithelial markers (CKs and EMA) and S-100 protein. Other lesions, including ecchordosis physaliphora and tumours of chordoma-like morphology, such as chordoid meningioma, chordoid gliomas, or metastatic mucinous carcinoma, ought to be considered in the differential diagnosis. The distinction of a chordoma from EP is particularly difficult as both lesions exhibit similar histopathological, immunohistochemical, and ultrastructural characteristics [27] . Nevertheless, EP represents a slow-growing, non-neoplastic, usually asymptomatic, notochord lesion of a small size, ranging from a few millimetres to 2 cm [4] . EP usually displays a low Ki67 proliferation index [7] ; thus, when intradural chordoma is suspected, staining for MIB-1 might be helpful in the differential diagnosis [20] . Moreover, on MRI scans, EP presents as a non contrast-enhanced retroclival mass [7, 15, 27] ; thus, this lesion could be excluded in our case.
The main histopathological features of a chordoma and chordoid meningioma are very similar apart from so-called physaliphorous cells, which are typical of a classical chordoma. The correct diagnosis might be confirmed by immunohistochemical studies. A chordoma is immunopositive for cytokeratin, S-100, vimentin and EMA; whereas, a chordoid meningioma is positive for EMA and vimentin but mostly negative for cytokeratin and S-100 protein [13, 21] . Moreover, in the majority of chordoid meningiomas, there are distinctive areas of a conventional type of meningioma. In addition, chordomas and chordoid gliomas resemble each other histologically; however, a chordoid glioma is a GFAP immunopositive tumour [21] . A chordoma should also be distinguished from a metastatic mucinous adenocarcinoma, which is usually immunonegative for vimentin and S-100 protein. It has been postulated that an intradural chordoma should be distinguished as a separate entity because of its differences from an intraosseous chordoma and similarities to EP [1, 6, 7, 19, 25] . In doubtful cases the diagnosis of chordoma might be supported by expression of notochordal marker Brachyury, which is proved to be a specific marker for chordoma.
T Th he er ra ap pe eu ut ti ic c c co on ns si id de er ra at ti io on ns s Currently, we recommend using proton beam therapy after chordoma removal, but a "wait-and-see" approach was preferred for this patient. Based on neurosurgical literature, intradural chordomas seem to have less aggressive behaviour than intraosseous ones. Long-term survival after complete tumour resection has been reported [9, 25] . This can be partly explained by the expansion pattern, which has a greater chance for total resection. In our case, we encountered no difficulties in the dissection of the tumour from the arachnoid membrane and the dural attachment could be easily separated from the bone. However, even if the resection was incomplete and radiation therapy was not applied, long-term survival without disease progression is possible [3, 17] . Therefore, the radiation therapy should not be applied directly after surgery to avoid overtreatment [19] . However, two cases of intradural chordoma with a more aggressive nature have recently been described [12] . Although intradural chordomas are generally benign, long-term follow-up of these patients has only been described for two cases; thus, prolonged close observation is essential [7, 9, 17] .
The intracranial, intradural, extranotochordal location of a chordoma is extremely rare. Such cases suggest that embryonic notochordal remnants may be lost in different areas, even away from the neuroaxis. The biological behaviour of ectopic chordomas re mains unknown; thus, it is essential that patients are closely followed after surgical removal of these chordomas.
